INTRODUCTION
Extratropical cyclones (ETC) = important source of precipitation in mid-latitudes but no consensus on
evolution in a warming climate, i.e. more or less precipitation? Most GCMs predict rain too
frequently with rates when occurring that are too small. Problem found also within ETCs.
=> Need observational constraint to help pinpoint processes that need improvement in GCMs
Here: Created GPM-ETC database = GPM precipitation retrievals associated with ETCs with both CMB and
IMERG: https://data.giss.nasa.gov/storms/obs-ETC
—> Use database to composite midlatitude precipitation in Extratropical Cyclones from different
datasets to provide detailed uncertainties for model evaluation

Datasets: Method:

- GPM-CMB version 5: Ku+GMI and Ka+Ku+GMI - Use identical cyclone-centered rectangular grid
- CloudSat RO4 2C-PRECIP-COLUMN of 50 km resolution and dimensions + 1500 km

- GPM IMERG version 4 - Project precipitation rate retrievals (including
- AMSR-E V10 zero precip.) into grid
. GPCP-1DD V 2.1 - Average all cyclones with data using center as

_ , anchor when center within 30-60°N/S over the
- MERRA-2 & ERA-Iinterim ocean
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Interannual variability: impact < 0.06 mm/hr — Sampling: larger impact up to 0.14 mm/hr
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Cyclone-centered composites of precipitation

A a) AMSR-E 2006-2010 (b) GPM Ku+GMI 2014-2016 (a) IMERG 2014-2016 (b) IMERG Daily 2014-2016 (x24 mm/day) ~_(c) GPCP 2006-2015 (x24 mm/day)
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Different sensitivities to different precipitation rates

Different sampling of cyclone age, latitude band, month, period of observations & coverage of cyclone area

3. Impact of cyclone-wide PW

a) IMERG (b) CloudSat (c) GPM-CMB
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